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Improving the Virtual Learning Development Processes Using 
XML Standards 
AUSTKACT 
Disiributed Icarning environnicnts and contcnt often lack a conimon basis for the cxchange of 
leariiing iiiatcrials. TIiis dclays, or even Iiinders, both innovation and delivery nf learning 
ieclinology. Staiidards Tor platTnrnis and authoringniay provide a way tn iniprnve internperability 
and coopcrativc dcvclopiiient. Tliis ariicle provides an XML-based apprnach tn this problem 
crcaicd by tIic IMS Global Lcarning Consortium. 
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I. INTRODUCTION 
In thc nicantinic. the digitalization OS cducation iiiaterials has bccn advancing for sonie years and 
its ncccssity has bccii ubiquitously propagated. In fact, systeiiis and niaterials for virtual teaching 
havc bccii dcvcloped by corporations. universities and governnicnt agencics arouiid tlie world 
since tlicn. Asidc l'rom tliat, onc can find a large nuniber of niore or less systcniatically 
coiistr~ictcd aiid niaintaincd coiiteiit on thc Internct. For many involvcd in education tlie usc of 
tlicse iesourccs bccaiiic aii integral par1 OS tlieir daily work routinc. 
I'oteiitial uscis OS cducatiorial coiitenis. howcver, wlictlier tlicy be studcnts or teaclicrs. 
olicn see tlicriisclves, in usiiig tlie ncw teclinology, conlionted witli signilicant obstaeles: cvery 
virtual leainiiig cnvironmcnt Sollows its own understanding of tlie "correct" usability; thc 
iiiaterials are osten adaptcd to lit tlic lcsson plans and necds of thc rcspective providers and don't 
cover tlic rcquircnicnts ol'tliird parties; lile Sorniats. sucli as I'owerPoint and 1:lash applications. 
iiiakc i t  diflicult to diicctly access parts o i  iiiorc extensive contcnts pertaining to one's own 
purposcs. l'lic list goes on. 
11. TEACHING UNITS USlNG TIiE BUILDING BLOCK PKINCIPLE 
Ifonc coiisidcrs tliesc rispccts togctlicr witli tlic substantially Iiiglicr eSfort in crcating a virtual 
lect~irc Iio~ir, i i i  coniparison to convcntional Icctures, thc deniand Sor the rcusability of digital 
tcacliing units, Sor tlic usc OS synergy and coupling eií'ects, and Sor tlie disaggregation of 
coniplexly str~ictured virt~ial ectures and scniinars is not only understandable but also justified. 
. . 1 Iic goal would bc tlic ellicicnt and el'li-ctive conipilatioii of  digital teaching units using the 
building block principlc. 
Arc sucli buildiiig blocks coiiccivable and Iiow sliould tlicy be constructcd? An important 
lcat~irc would be lile Sornints, whicli -iS possiblc, platSorni indepcndent- are not subject to 
Iiiiiitatioiis sucli as tlic abovc nientioned PowerPoint and I'lasli Iorniats and support built-in 
iiiccliaiiisiiis Sor structuring thc coiitcrits, or ratlicr thc diicct access to parts OS docunicnts. 
Morcovcr. inlbriiiation lbr interactivc contents, sucli as exercises and siniulations, should be 
codablc i i i  tlie docuiiicnt itsclf. Staiidards in tlic foriii of "teniplates". whicli takc al1 criteria for 
thc realization regardirig contcnt and didactic into consideration, are desirable Sor the support OS 
tlie intcrcliaiigeability ol'tlic niaterials arid tlicir cílicient production. 'l'hc sanie goes for probleiiis 
with cliniactei scts wliicli sliould espccially bc considcrcd regardiiig Sorcign laiiguage training 
iiiatcrial. Applicatioii soliware Sor tlie creation and dclivery OS virtual tcaching and leaining units 
slio~ild agaiii optiriially support and transparently iniplenicnt the dcvelopniental proccss. 
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111. FLEXlUlLlTY AND I'LATFOKM INDEPENDENCE THKOUGH XML 
For a 1Cw ycars now the extensible Markup Language (XML) has prcsented itself as a solution 
í'or a llcsible 2nd platí'oriii indcpcndcnt production of digitized material. XML was introduced 
i i i  1996 with thc goal ofrcplacing 1-ITML on a long-term basis as the Lingzlu fiancu of the Web. 
1 I'I'MI- is a lcss llcsible niix oí'dircctives for thc structuring and prcscntation of docurnents - 
a Inrgc pni-t ofthc III'M1,-clcmcnts. sucli as <H I>, <H2> and <EM>. serve to control the layout. 
In coiitrast to tliis. );MI2 has some signiticant advantagcs: separation of structure, contcnt and 
layout. thc dctcrniinaiion 01' niarkup clenients m o r c  specifically, its own Document Type 
Dcliiiition (D'1.D)-. iiiccliaiiisiiis lor tlic direct access to parts of the documcnt, Unicode support 
iiiid 1110re. 
'l'lic dill'ci-cncc bciwccii I~11'M12 and XML bccon~cs clear in an example Srom a simple 
glossaiy. .l'lic coircspoiidiiig 1 I'I'ML-code (wiihout header) could look like the Sollowing: 
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A Wcb-Browser displays tliese lines as in thc following pictiire: 
1 Auto car  
UrIf-di accident 
Z5J Lone 
.,. , . . .... . .. . . . . . . . . 
MY Corriputer 
.... ... .................................................. .... ....... " . ..,,,,...,...., 
Whilc only tlie dctcrmincd direciives are valid in tlic HTML-docunicnt, XMI, enables thc 
inscrtion of its own n ~ a r k ~ i p  clcmcnts such as <Glossary>, <Entry>, <Gerrnan>, <English>. 
oniittiiig any layout inforn~ation and, nioreover. - in contrast to thc abstract II'TML-clernents 
<tr> (table row) and <td> (tablc data) - allows conclusions of the inforniation provided. And 
the glossary as an XM1,-Dociinicnt (witliout Iieadcr) looks like this: 
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'l'lic cxiensible Stylcslicct Language (XSL) is used for displaying XML docunicnts. lt 
provides tlic Iurictioiis and rulcs for tlic prcscntation of tlie XML elen~ents. Not only can tliese 
iiiccliaiiisiiis proccss XMI, docunicnts for prcsentatioti i t i  a Wcb browscr as  in tlic abovc 
cxniiiple, but also tor tlic oiitput in many otlier forniats such as tlie I'ortable Docunicnt Forniat 
(['DI:). Morcovcr. tlic possibility csists. witli thc Iiclp of tlic XSL Stylesheets, to directly display 
p r t s  oí'docuiiicnts. wliilc 1-lSM1,-lilcs niust be conipletely loaded. 
IV. STANDAIiDlZATION EFFORTS 
Tlie advaiiiagcs. i i i   articular wliicli XML, has ovcr HTML in processing large nunibcrs ofsiniilar 
dociiiiiciiis. caiiiiot oiily be uscd for glossarics. but also for intcractive exercises, regional studics. 
graiiiiiiar. ctc.. 
'l'lic scrcngtli oStlic approacli could, Iiowcvcr, turn itself around iSthose involved in the 
production 01' tcacliing iiiatcrials create "isolated solutions" in thc form of  thcir own XML 
docuiiiciit typc deliiiitions. 'l'lic cffort in adjustinp foreigti docunients to inscrt in one's own 
ciiviroiiniciit is signific;iiii aiid. i i i  tcriiis of tlic mutual use of resources as in the contcxt of virtual 
iinivcrsitics, uiicconoiiiical. 
Givcii tlicsc problcms, sevcral organizations, such as the IEEE Learning Teclinology 
Standardisatiori Coiiiiiiiiice. ilic Advanccd Distributcd Learning (ADI,) Iriitiative, the Aviation 
liidustry CU'f Coiiiiiiiiicc (AICC) aiid tlic ISOIIGC JTCI SC36 Learning Tcchnology, Iiave gone 
lo iroublc ol'gciting staiidardizations iii tlie area oSvirtual lcarning in thc past. Thc IMS Global 
12eariiiiig Coiisortiuni. Inc. (IMS) is pursuing an additional, niore proniising approach. She 
nicnibcrs OS the non-prolit orgaiiization incliide, aniong others, a scrics of wcll-known 
coiiil,aiiics. uiiivcrsities. and govcrnmcnt agcncics. siicli as Apple. IBM, Microsoft, Oraclc, 
Mass:icliiisctts Iiistitutc ol'~l'ecliiiology (MII'), and tlie Open IJniversiteit in tlic Nctlicrlands. IMS 
is sl>ccd¡iig L I ~  (Iicdcvclol~iiiciit aiid proinotion ofopen XML-based speciíications, wliich should 
spccilically support activitics in tlie lield ofdistributcd on-line learning, sucli as, Sor exaniple, 
Liiidiiig aiid iisiiig Icnriiiiig niaicrials or tlic asscssiiient of thc progrcss and pcrforniance in otie's 
studics. 
'flic Qi~c.\./ioii & i > . v /  I i l / e ~ ~ o ~ ~ o ~ c ~ h i l i / ~ ~  .Cl,cc~f;fic~~/ion (QTI) describes a basic structure Sor 
tlic rcprcscnta~ioii ofltciii and Asscssnient. Tlic spccification enables the exchange of tliis 
tcst, asscssiiicii( aiici rcsults data bctween Learning Managenicnt Systems. as well as 
coiiicnt autliors and, coiitcnt librarics and collections. I t  is cxtcnsible and customizable 
to allow Ibr tlic iiiiiiicdiatc adoption, cvcn in spccializcd or proprietary systcnis. 
'l'lic I,k4,'? C'orl/cii/ I'ci~kc~giiig .Yj1~cjfic(1/iot7 providcs tlic functionality to describe and 
~xickage Icarniiig iiiatcrials, siicli as an individual coursc or a collcction ofcourses, into 
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iiitcropcrable. distiibutablc packages. Contcnt I'ackaging addrcsscs tlie description, 
structurc, and location ofonline learning niaterials and thc definition of somc particular 
coiitciit typcs. Tlic Contcnt Packaging Spccification is aimcd priniarily at content 
prodiicers, Icarning nianagcnient systeni vcndors. coniputing platforni vendors. and 
Icnriiiiig servicc providcrs. Ixarning niaterials dcscribed and packaged using tlic IMS 
Coiitciit Packaging XML foriiiat should bc intcroperable with any tool tliat supports the 
Spccilicaiioii. Contcnt crcaiors can dcvclop and distributc iiiaterial knowing tlirit it can 
be dcliveicd oii aiiy compliant systcm. 
'fhc IM,C I.er~i~i~ii~g 1ie.sorii~ce Metu-ri~ittr Sl,ec~jicri/iotl \vris developed to countcract the 
Ihct thai tlie iiow largc nuinbcr of software tools for tlic crcation of learning iiiatcririls 
lacks a coninion mcchanisin which tinds and ~ iscs  tlie materials. A meta-data 
specilication cnsuics iiiorc cfficicnt processes in Iinding and using rcsourccs, in which 
a striicture of dclinablc. dcscriptive labels would be offered, which would dcscribe, or 
ratlicr, cataloguc tlic learning resourccs. 
l'he 1.4I,SLcr1i.nei. 1nfOiinrition Prrckngc ,Cl,ecificritioti is a collection of  inforiiiation about 
Icaiiicrs os prodiiccrs oflearniiig contcnts. Tlie specilication ainis at tlie intcropcrability 
01. Ii~icriict-bascd Icarning inforiiiation systenis witli othcr systenis whicli support thc 
Iiitciiict Icrirning cnvironiiicnts. Tlic goal of the specification is to define a nuiiiber of 
packagcs wliicli can be uscd to cxchange data witli lcarning inforiiiation scrvcrs 
coircsponding io tlic IMS-Spccilication. 
'l'hc lA%í' lic~/.s~ihlc C'oiiilieteiicy D~>¿fiiii/iotl Sl,ecificrrtion plots out an inlormation niodel 
to describe, to rcicrcncc and to excliangc conipctcncy delinitions, priniarily witliin thc 
coiitcsi ofon-linc and distributcd lcarning. In tliis speciiication tlie word "conipctcncy" 
is uscd in a vcry gcncral sense and incorporatcs skiIIs, knowlcdgc, assignnicnts and 
Icai.iiiiig results. l'liis spccification oSlCrs tlic functionality to fornially prcscnt, 
iiicicpciidcnt of its use in a certain contcxt, kcy charactcristics of conipctcncy and to 
cnablc ihc intcropcrability ainong lcarning systciiis \vliicli delivers conipctency 
informatioii. 
'Shc ob.jcctivc 01' the IMS l<ntcrpi.i.vc ,Cpecificrr/ion is to define a standardized set of 
structlircs tlilit can bc uscd to excliange dala bctwccn diffcrcnt systenis and 10 guarantee 
riii  iiitcgration, as optimal as possible, oftraining nianagemcnt systenis in exisiing 11- 
iiilrastructurcs. 
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V. APPLICATIONS 
A simple example from the Question & Test Interoperability Specification gives the first 
in~pression of possible realizations of the specification. A truelfalse question without processing 
could be represented as an interactive exercise as follows: 
Pxis is the Capital o fFmce  
@ Q e e  
O Disagree 
The corresponding formulation in QTI-XML shows the following code excerpt: 
1 qll'ilL2il lllt""'~? 
'í~IICi~IIIIIICIII 
I I ' l i is ir :a s i i i i l ~ l r  'J'i-udFnlsr i i~u l t ig lc-c l~oicr  r u n n ~ l ~ l r .  using()'l I j3.0 01- j'1.1. 
- 1  .\ i i iri. S .l-lic i.cii<lcriri:: 1s :I si:irt~l:ird ra~lio b u ~ t o a  st)li.. 
.5 :%o t.c.s[ionse ~iroceai ir ig 1s i i icw[ioratr i l .  
(> Cllicoiiiiii:iil 
IIJII ~(ICIIL .' ' \ IS I'CI i l ~ ; ~ ~ i c ~ x , ~ ~ i ~ p l ~ ~ l O l ~  
8 .'l>ic..:iiI,ii~iii~ liil1il--"l!,1~icli~i111i~~lr001" 
!? i i i i~ ic i  inl 
l i )  Fr;igc .. . ~ii.~il:xt . 1':iris 1s (he (:apil:11 DI' I“r:lllce . 111,k11<xt 
1 1  ~ . ' l l l ~ l ~ C r l ~ l ~  
12 C:ine ..\nlworl ..... .P;>I.I~,~IS? lil i~lcr~t=.. "'rl:U 1' '  rcitr~lii~.tl ily="Single.' IIUIIII~~:~'Y~~'~.. 
I ? I):irstcllungslai.>iiat . rsr i~ lzr~~cf i i~ ic i :  , 
1.1 . IC.S~)<~II~C ,L;il>el i<l:~il.- "'I"' 
I Z \\'a 11 r .III~IICI~:I~'. . III~IICSI ..\:rec. :~~i .~t les l :  .;111;11~.:ritíI:~ 
1 0 : ' i.s.s~.~c~i~~e 1,ibrl .
I 7  .~ . ;~ [ )~> i~se .~ l :~ I~~ l  ¡II?III. "IT", 
1 X t';ilsclr -. III,II~~I~I! . . III,II~CYI. l ~ i s ~ ~ g r r c ~ ' ~ ~ ~ ~ i ~ l l c x t  ' :III;IIC~I~I . 
4 0 :i.issporijr 1.1l,~1 
2 O , ri11dir c11~:icc'~ 
? 1 . ' r ~ > ~ ) i , r ~ < ~ . j i ~ l  
, , 
-- ~ ~ ~ l L ~ C l l I i l ~ i ~ ~ l 1  
? -. 7 ' i l i r i i  
: I . ~ ~ l i " > l i h l i l i l ~ t ~ ~ ] ~  
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Tlie QTI code can be conipletely transparent for the user. Applications are now available 
(see, among others, h~t1~:l~~v~n.i1i~~t~roj~et.or~!dir~ctlict~~roc1~~cts.ctnf (10.29.2001)) which 
iniplement tlie specification in the form of Windows-, Java-, or HTML-based applications and 
enable learners and authors to work in the familiar Look and Feel. Nonetheless, the products of 
differcnt manufacturers can exchange test materials among theniselves, since the data, as in the 
above exaniple, are available in QTI-XML format. QTI distinguishes between basic response and 
render types. Sroni which a total of twelve types of answers can be derived, which, in part, are 
again variable, or rather, combinable. 
String 
Nuniber 
Kesponse Types 
XY co-ordinate 
Logical group 
Logical identifier 
Render Types 
Choice 
Slider 
'Object' 
Detailed descriptions of the outlined specification of the IMS Global Learning 
Consortiuni can be found at tlie following Internet address: htt11:l1wwn.iinsproiect.org 
(10.29.2001). Tlie relationsliip to other standardization efforts is also discussed there. 
VI. SYSTEMS 
Tliere are a nuiiiber of conipanies and institutes which are implenienting the IMS specification, 
or rather, parts of i t  (see tlie following URLs htt~~://www.inis~roicct.or~idircci~~ct~roducts.cfm 
(10.29.2001) and also l i t t p : i i w \ ~ \ v . i ~ ~ ~ s ~ ~ r o i c c t . c ) r ~ l d i r ~ i  (10.29.2001)). The range of 
í'unctions, supported platfornis, and price niodels of systenis differ greatly. The palette extends 
froni Windows-based applications for snialler groups to completely web-based environments. 
Tlie in- and export of teaching units conforming to the 1MS implements for example, 
Ques t ion  M a r k ' s  Pcrcept ion  for  Windows and Percept ion  for  Web 
(litt~~:/.:'~\t'~~.c~~~~~tio~i~ii:~rli.~oin (10.29.2001)). The creation of the niaterials takes place in the 
very easy-to-use Windows application Perception for Windows. At the same tinie, the creation 
of interactive contents is supported by Wizards and a variety of exercise types are offered. A 
database, included in tlie application, adniinisters the teaching elements and also supports the 
creation oí'teacliing elenicnts in teanis. Tlie authors can test the results of their work in a preview 
window. 
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Eile Edil yiew Queslion Help 
1 I 
- 3 Questian Type. Multiple Choice 
Choice 1 . J akarla 
Chace 2 . Seoul 
a? Choice 3 .  Taipei 
% Outcorne. O Idanila S cois: 1 Feedback ? 
O Oulcorns. 1 J akaita Scoie. O Feedback. 
% Di~tcorne 2 Seoul Score O Feedback N 
% Úuicorne 3 TaipeiScore O Feedback N 
tliese questiuns 
What is the capital city of h e  
Philppines? 
r Jakarta 
i- Taipei 
r Seoul 
M d a  
Continue 1 
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Supplenlentary to Perception for Windows, the component, Perception for Web, perniits 
tlie contents to be offered in tlie Internet. The elenients previously developed under Windows do 
not need to be worked on any further for that. In addition, courses, course participants and 
instructors can be set up and nianaged through Perception for Web. Report functionalities allow 
for tlie assessinent of learning progress and test results. 
In the realnl of Open Source, the Integrated Learning. Information, and Cooperation 
System (ILIAS) of the University of Cologne (see this address: Iitt~:/iwww.iliiis.iini- 
ko~l1i.il~ios/iri~ic~.1~ttnl (10.29.2001)) and the Open Knowledge Initiative of the Massachusetts 
Institute of Teclinology(htt~~:ll~~~b~~~~it,c~l~~iuki/ (10.29.2001)) are backing the specifications of 
the 1MS Global Learning Consortiunis. While OKI is still in the planning stages, ILIAS is already 
available in Vcrsion 2.x. The latter isan efficient, conipletely web-based client-server-systeni that 
offers tools for autliors. personalized learning environrnents, adrninistration tools as well as 
coniniunication and collaboration tools. 
V11. CONCLUSlONS 
XML-bascd spcciíications for virtual learning environrnents are in a cornparatively early stage 
of devclopment. As in the case of otlier standardization efforts, sorne changes and augrnentations 
are still to be expected. The involvernent on the part of renowned manufacturen and education 
institutes suggests. however, that great iniportance is given to these types of standardization 
efforts. 
Thc interchangeability of learning rnaterials and their niore efficient production, together 
witli improved accessibility. conln~unicate attractive features of this developrnent. One's own 
experienccs. whicli could be gained within the scope of XML-based projects for the creation of 
lang~iagc lcarning niatcrials, have been entirely positive. The cost of the developnient oflanguage 
learning niatcrials was not only reduced by the separation of content and layout, or functionality; 
tlie project contributors realized that the quality of the rnaterials was also iniproved. Two aspects 
seern to coniplinient each other in this respect: first, it was possible for the authors to observe the 
devclopcd XML-contcnts from the learner's perspective at any time and to be able to 
appropriately assess its appearance. Secondly, tlie XML-DTD, though developed for the learning 
application but. ncvertlieless, restrictive, removed the burden from the authors of al1 the questions 
concerning tlie layout and other problenis whicli usually conie up when creating 1-ITML sites. 
Even tlic prcdcíincd document structure considerably improved the concentration in didactic and 
content ol'nlaterials. 
, . 1 Iic question rcniains if it would be possible for sn~aller organizations to conie up with 
cnough financia1 and pcrsonnel resourccs for tlic operation of such client-server-systems. 
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Particularly in the university arena, a national approach with a central system managenlent and 
user support would be conceivable and wise/practical. 
LINKS 
l ~ l t ~ : ~ ~ ~ ~ ~ ~ i ~ . i ~ t i ~ ~ ~ s o ~ ~ c l  .org 
Tlie IMS Globiil Leariiiiig Coiisoi-tiuin -provides XML-based specit~catioiis tor E-Leariiing 
sqsteiiis 
hti p:/i \~~\~~\\~.i i i i . ; l)roicct . .c/d ii.ect!iet»rodiicts.c1ii1' 
Diiectory oF Prodiicts aiid Oigiiiiizations Suppoi-tiiig IMS Specificatioiis 
Iiti~~:i~\vw\c.iiiis~~ro~ect.cir~ídirrictí~eti~rns.cliii 
Directory oF Products and Orgiinizatioiis Supportiiig IMS Specificatioiis 
I i i t i~: i~ iv\ \ : \~.~~i icst io i i i i ia i~k.coin 
Qiiestioiiinaik - a coinp;iiiy developiiig IMS-coinplieiit products 
Iiiti,::/\\,\r,\v. ili;ih.iiiii-loelii.~Ii'!ios!i~idex.li~i~~l 
ILIAS -;iii opeii soiirce leuriiing inaiiageiiient systeiii. wliicli iiiipleineiits fatures for IMS 
coiiipiiiibility 
l i ~ t ~ : / ~ \ v i ' I ~ . i ~ ~ i t . c d ~ ~ / n k i !  
Tlie Opeii Kiiowledge Iiiitietive (OK1) is detiiiiiig aii opeii arcliitectural specificatioii to be used 
Sor ilie developiiieiit of edi~catioiial related software. 
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